Abstract
Introduction
Numerous studies indicated that obesity is closely associated with higher prevelence of male factor infertility [1] [2] [3] [4] . Increased hypertension, 4hyperlipidemia and metabolism syndrome are major factors contributing to obesity [5] [6] . Among them, abnormal lipid metabolism was closely associated with the disorder of spermatogenesis, sperm maturation and capacitation [7] [8] [9] . Lu et al [10] previously showed that obesity-associated markers such as body mass index (BMI), waist circumference (WC), waist-to-hip ratio (WHR) and waist-to-height ratio (WHtR) could not predict semen quality. However, it was unclear whether lipids levels in serum and seminal plasma reflect semen quality. Therefore, we designed this study to investigate the correlations between lipids levels, including total cholesterol (TC), triglyceride (TG), high density lipoprotein (HDL), low density lipoprotein (LDL) and free fatty acid (FFA), in serum and seminal plasma, and obesity-associated markers such as BMI, WC, WHR and WHtR, and between lipids levels in serum and seminal plasma and semen parameters in 631 subfertile men.
Materials and Methods

Study population
This is a prospective study. Male subfertile patients, aged from 18 to 55 years with female partners stopping use of contraception in order to try to conceive for over 12 months, who attended the out-patient clinic at Nanjing Jingling Hospital for diagnosis of infertility between August 2012 and February 2015, were included in this study. All participants were asked to complete a questionnaire to collect basic information on occupation, medical and reproductive history and lifestyle factors including intakes of alcohol and tobacco smoking. Then, all participants underwent physical examination, and obesity-associated markers were measured, semen samples were collected by masturbation, and venous blood samples after 8-12 hours of fasting were drawn during 8: 00 am and 10: 00 am. Stringent exclusion criteria were employed to exclude regular alcohol drinkers, heavy smokers, the men with chronic diseases, urogenital infections, varicocele and other diseases which might lead to dysspermia, azoospermic men, and the men with 100% of immotile sperm, 100% teratospermia and incomplete data. Six hundred and thirty-one (631) men were enrolled in this study. This study was approved by the Human Subject Committees of Nanjing Jinling Hospital, and informed consent was signed by each participant.
Measurement of obesity-associated markers
Height and weight were measured with each participant standing without shoes and heavy outer garments. WC was measured at the level midway between the lower rib margin and the iliac crest with participant in standing position without heavy outer garments and with emptied pockets, breathing out gently. Hip circumference was recorded as the maximum circumference over the buttocks. BMI was calculated as weight divided by height squared (kg/m 2 ). WHR was calculated as the ratio of WC over the hip circumference. WHtR was calculated as the ratio of WC over height.
Determination of serum lipids
Venous blood samples were centrifuged at 3 000 g for 5 min to isolate serum for detection of lipids level. Commercially available kits for the determinations of TC, TG, HDL and LDL, and calibration and quality control products were purchased from Randox Laboratories Ltd., Northern Ireland, United Kingdom. The determinations were carried out using Hitachi 7600-210 automatic biochemical analyzer. Commercially available kit for the determination of FFA was purchased from Nanjing Jiancheng Bioengineering Institute (Jiangsu, China). The determinations of TC, TG, HDL, LDL and FFA were performed strictly according to the manufacturer's instruction.
Analysis of semen parameters
Semen samples were collected by masturbation after sexual abstinence for 2-7 days and kept at 37°C for 30 min. After liquefaction, each semen sample volume was measured by weighing, followed by routine analysis, and the remaining semen samples were centrifuged at 12 000 g for 5 min. The upper layer seminal plasma was collected for the determination of lipids. Sperm concentration, total motility and progressive motility (PR) were analyzed by computer-aided sperm analysis (CASA) system with phase contrast microscope (CFT-9201, Jiangsu Rich Life Science Instrument Co., Ltd., Nanjing, China) [11] , and sperm morphology was evaluated using Diff-Quik staining. For each specimen, at least 200 spermatozoa were analyzed for each replicate. When difference between two replicates was within an acceptable range (95% confidence interval), the average value was calculated and documented. When difference was higher, the assessment was repeated by taking two new aliquots from the same semen sample [12] . Then, a new parameter-total normal-progressively motile sperm count (semen volume × sperm concentration × progressive motility × percent of normal sperm morphology, TNPMS) was calculated, because the determinative factor for male fertility is the spermatozoa with motility and normal morphology. The criteria for oligozoospermia, asthenospermia and teratozoospermia were in accordance with the World Health Organization guidelines [12] .
Determination of lipids in seminal plasma
Commercially available kits for the determinations of TG, TC, LDL and HDL were purchased from Shanghai Zhicheng Biotechnology Co., Ltd., China. Calibration and quality control products were purchased from Randox Laboratories Ltd., Northern Ireland, United Kingdom. Determination of lipids in seminal plasma was carried out using Olympus AU400 automatic biochemistry analyzer (Olympus Optical Co. Ltd., Japan). The sample with higher lipid level exceeding the linear range of the kit should be diluted with normal saline and the diluted volume was calculated.
Determination of serum reproductive hormones
A non-fasting blood sample was drawn the same day that the semen sample was produced. Blood was centrifuged and serum was stored at −80°C until analysis. Sera were then thawed and analyzed for total testosterone (TT), luteinizing hormone (LH), follicle-stimulating hormone (FSH), estradiol (E2), and sex hormone-binding globulin (SHBG) levels. TT, LH, FSH, E2 and SHBG levels were determined by chemiluminescence assay using an automated Unicel Dxi 800 Access Immunoassay System (Beckman Coulter, Inc., USA). The assay of serum TT and E2 was based on a competitive principle using a high affinity monoclonal antibody (sheep) specifically directed against testosterone or E2. 
Statistical analysis
All data were analyzed using SPSS 11.0 software (SPSS Inc., Chicago, IL, USA). First, nonparametric tests (one-sample Kolmogorov-Smirnov test) were used to determine whether parameters were consistent with normal distribution. Correlations between and within lipids levels in serum and seminal plasma, obesity-associated markers and semen parameters were examined by Pearson test, while the parameters were inconsistent with normal distribution, correlations were examined by Spearman's rho test. Differences between categories were assessed by independent-samples t-test. The effects of age, reproductive hormones and seminal plasma lipids on semen parameters were analyzed by linear regression. P-value 0.05 was considered statistically significant.
Results
General data
Among 631 subfertile men, 81 with sperm concentration < 15×10 6 /ml, 58 with total sperm count < 39×10 6 /ejaculate, 285 with PR < 32%, 231 with sperm motility < 40%, 183 with normal sperm morphology < 4%, and 248 with normal sperm concentration, PR, motility and morphology were detected. Among 631 subfertile men, there were 202, 162, 249 and 259 men with serum TG, TC, LDL and HDL levels out of their normal reference values (0.2-1.71 mmol/ L for TG, 3.25-5.2 mmol/L for TC, 2-3.12 mmol/L for LDL and 1.1-1.55 mmol/L for HDL), respectively, and 147 with serum TG, TC, LDL and HDL levels all within their normal reference values. In addition, serum reproductive hormones levels from 594 of 631 subfertile men were determined. Table 1 summarized the data including age, obesity-associated markers, semen parameters, lipids levels in serum and seminal plasma, and serum reproductive hormones for 631 subfertile men.
Correlations of serum lipids levels with age, obesity-associated markers and semen parameters
Variables, including serum lipids levels, age, obesity-associated markers and semen parameters in 631 subfertile men, were inconsistent with normal distribution, therefore, correlations between these variables were analyzed by Spearman's rho test. Table 2 showed the results. Serum TG, TC and LDL levels were positively related to age (P < 0.001). Serum TC, TG and LDL levels were positively related to BMI, WC, WHtR and WHR (P < 0.001), while serum HDL level was negatively related to BMI (P < 0.001). There was no correlation between serum FFA level and these obesity-associated markers. Serum TC, TG, LDL, HDL and FFA levels were not related to semen parameters including semen volume, sperm concentration, total sperm count, progressive motility, total motility, normal sperm morphology and TNPMS. However, the data showed slightly negative correlations between serum TG level and semen volume (P = 0.045), and between serum FFA level and sperm motility (P = 0.048), and slightly positive correlation between serum HDL level and semen volume (P = 0.013). In addition, significantly positive correlations were found between serum TC, TG and LDL levels (P < 0.001), between serum TC and LDL levels and HDL level, and between serum HDL and FFA levels (P = 0.006), while negative correlation between serum TG level and HDL and FFA levels (P < 0.001).
Correlations of lipids levels in seminal plasma with age, obesityassociated markers and semen parameters Variables, including lipids levels in seminal plasma, age, obesity-associated markers and semen parameters in 631 subfertile men, were inconsistent with normal distribution, thus, correlations between these variables were analyzed by Spearman's rho test, and the results were also shown in Table 2 . TG, TC and LDL levels in seminal plasma were positively related to age (P < 0.05). Seminal plasma TG level was positively related to BMI, WC, WHtR and WHR (P = 0.046, 0.003, 0.002 and 0.038, respectively), while TC, LDL and HDL levels were unrelated to them except slightly positive correlation between LDL level and WHR (P = 0.027). Analysis on the correlations between lipids levels in seminal plasma and semen parameters showed that TG level was negatively related to PR (r = -0.080, P = 0.045), TC level was negatively related to PR (r = -0.094, P = 0.018), sperm motility (r = -0.091, P = 0.023) and TNPMS (r = -0.093, P = 0.020), LDL level was negatively related to semen volume (r = -0.129, P = 0.001) and PR (r = -0.090, P = 0.024), and HDL level was negatively related to sperm concentration (r = -0.114, P = 0.004) and total sperm count (r = -0.135, P = 0.001). In addition, there were positive correlations between TG, TC, LDL and HDL levels in seminal plasma.
Relationship between lipids levels in serum and seminal plasma Table 3 summarized nonparametric (Spearman) correlation coefficients for the relationship between lipids levels in serum and seminal plasma in 631 subfertile men. There was no Serum TG, TC and LDL levels were positively related to age. Serum TC, TG and LDL levels were positively related to BMI, WC, WHtR and WHR, while serum HDL level was negatively related to them. There were slightly negative correlations between serum TG level and semen volume (P = 0.045), and between serum FFA level and sperm motility (P = 0.048), and slightly positive correlation between serum HDL level and semen volume (P = 0.013). There were significantly positive correlations between serum TC, TG and LDL levels, between serum TC and LDL levels and HDL level, and between serum HDL and FFA levels, while negative correlation between serum TG level and HDL and FFA levels. TG, TC and LDL levels in SP were positively related to age. TG level in SP was positively related to BMI, WC, WHtR and WHR, while TC, LDL and HDL levels in SP were not related to them except slightly positive correlation between LDL level and WHR. TG level in SP was negatively related to PR; TC level was negatively related to PR, sperm motility and TNPMS; LDL level was negatively related to semen volume and PR; HDL level was negatively related to sperm concentration and total sperm count. There were positive correlations between TG, TC, LDL and HDL levels in SP.
correlation between lipids levels in serum and seminal plasma except slightly positive correlation of TG level in seminal plasma with serum TG and LDL levels (P = 0.042 and 0.026).
Dichotomized analyses for semen parameters
Due to the lack of the correlations between serum lipids levels and semen parameters, while significant correlations between lipids levels in seminal plasma and multiple semen parameters, we further compared the lipids levels in seminal plasma based on the dichotomized analyses for semen parameters, and the results were shown in Table 4 . The results indicated that TG, TC, LDL and HDL levels in seminal plasma in patients with oligospermia, asthenospermia and teratozoospermia were higher than those with normal sperm concentration, motility or morphology. Moreover, HDL levels in patients with asthenospermia and teratozoospermia were significantly higher than those with normal sperm motility or morphology (t = 2.434, P = 0.015; t = 2.021, P = 0.044). Table 4 . Comparisons of lipids levels in seminal plasma based on the dichotomized analyses for semen parameters (mean ± SD). Correlations of semen parameters with age and serum reproductive hormones
Due to the possible effects of age and reproductive hormones on semen parameters, we investigated the correlations of semen parameters with age and serum reproductive hormones. The results were shown in Table 5 . We found that there was no correlation between age and semen parameters, but age was positively related to serum FSH level, and negatively related to serum TT and LH levels. Serum LH level was negatively related to PR, normal sperm morphology (NSM) and TNPMS, while serum FSH level was negatively related to sperm concentration (SC), total sperm count (TSC), sperm motility, NSM and TNPMS. Serum SHBG level was positively related to semen volume. However, there was no correlation between serum TT and E2 levels and semen parameters such as semen volume, SC, TSC, PR, sperm motility, NSM and TNPMS.
Linear regression analysis of the factors correlated with semen quality
By observing the data from Tables 2 and 5 , we found that semen volume was correlated with serum TG and HDL levels, seminal plasma LDL level and serum SHBG level, both of sperm concentration and total sperm count with seminal plasma HDL level and serum FSH level, PR with seminal plasma TG, TC and LDL levels and serum LH level, sperm motility with seminal plasma TC level and serum FFA and FSH levels, normal sperm morphology with serum FSH and LH levels, and TNPMS with seminal plasma TC and serum FSH and LH levels. In order to avoid the interaction of these factors on semen parameters, especially the effects of age and reproductive hormones on semen parameters, we further analyzed the effects of these factors on each of semen parameters after adjusting age and serum LH, FSH, TT, E2 and SHBG levels by linear regression, and the results showed that semen volume was significantly correlated with seminal plasma LDL (t = -2.528, P = 0.012) and serum TG (t = -2.008, P = 0.045), both of sperm concentration and total sperm count with seminal plasma HDL (t = -2.208, P = 0.028; t However, there was no correlation between serum TT and E2 levels and semen parameters such as semen volume, SC, TSC, PR, MOT, NSM and TNPMS.
= -3.166, P = 0.002), and both of PR and sperm motility with seminal plasma TC (t = -2.509, P = 0.012; t = -1.956, P = 0.051).
Discussion
Numerous studies suggested that obesity and overweight were associated with lower fertility [4] . Animal studies showed that high-fat diet might increase body weight of mice, especially serum TG level, and decrease testosterone level, then result in male infertility [13] . Although controversial results in the relationships between obesity and male fertility exist, some studies suggested that BMI was inversely related to semen volume, sperm concentration, total sperm count, sperm motility and percent of normal sperm morphology [14] [15] . Studies on the lipid composition of human testis in patients with bilateral varicocele as cause of infertility showed abundant lipids in human testis tissue, and the total lipids formed 1.90 percent of the total wet weight of the tissue. Testicular cholesterol formed 26.50 percent, glycerides 28.50 percent and phospholipids 45 percent of the total lipids [16] . There were also abundant cholesterol and phospholipids in sperm membrane [17] , especially polyunsaturated fatty acids (PUFA) closely related to sperm function [18] [19] [20] [21] [22] . During spermatogenesis, sperm maturation, capacitation and acrosome reaction, the lipid composition in sperm membrane changed significantly [23] [24] [25] , and these changes were possibly based on the transfer of cholesterol and phospholipids between sperm and seminal plasma [26] [27] . Several studies showed significant correlation between lipid composition in sperm membrane and seminal plasma [28] , and increased phospholipid levels in seminal plasma in oligospermia and azoospermia patients [29] . However, it was unclear about the correlations between lipids levels in serum and seminal plasma, obesityassociated markers and semen parameters.
In present study, we analyzed the correlations between lipids levels in serum and seminal plasma, obesity-associated markers and semen parameters in 631 subfertile men. As expected, serum TC, TG and LDL levels increased with increasing age, BMI, WC, WHtR and WHR, while serum HDL level decreased with increasing BMI, WC, WHtR and WHR, suggesting that obesity could definitely influence on lipid metabolism. However, it was a surprise that serum lipids levels such as TC, TG, LDL and HDL were almost unrelated to semen parameters except only slightly correlations between serum TG and HDL levels and semen volume, and between serum FFA level and sperm motility. This observation was similar to the results reported by Hagiuda and colleagues [30] .
Next, we analyzed the correlations of lipids levels in serum and seminal plasma, and the results showed the modest correlations between TG level in seminal plasma and serum TG and LDL levels (P = 0.042 and 0.026), suggesting that lipids in seminal plasma might not directly come from blood. The possible origin might be epithelial cells in male reproductive tract. This raises the question about the origin of lipids in seminal plasma and how they are regulated.
Therefore, we further analyzed the correlations of lipids level in seminal plasma with age, obesity-associated markers and semen parameters, and the results showed that TG, TC and LDL levels in seminal plasma increased with age, and only TG level in seminal plasma was positively related to BMI, WC, WHtR and WHR. Unlike lipids levels in serum, TG, TC, LDL and HDL levels in seminal plasma were all negatively related to some of semen parameters. For examples, seminal plasma TG level was negatively related to PR; seminal plasma TC level was negatively related to PR, sperm motility and TNPMS; seminal plasma LDL level was negatively related to semen volume and PR; and seminal plasma HDL level negatively related to sperm concentration and total sperm count. These observations suggested that elevated lipids levels in seminal plasma might have adverse effect on sperm quality. It was worth noting that serum HDL level was negatively related to serum TC, TG and LDL levels, while seminal plasma HDL level was positively related to seminal plasma TC, TG and LDL levels. Unlike serum HDL, seminal plasma HDL seems no protective effects on sperm quality.
In order to further evaluate the adverse effect of seminal plasma lipids on sperm quality, we compared seminal plasma lipids level based on the dichotomized analyses for semen parameters, including sperm concentration, total sperm count, progressive motility and normal sperm morphology, and found that seminal plasma TG, TC, LDL and HDL levels in patients with oligospermia, asthenospermia and teratozoospermia increased when compared with the normal sperm concentration, motility or morphology, especially HDL level significantly higher in patients with asthenospermia and teratozoospermia, suggesting the adverse effect of HDL on sperm quality.
From above-mentioned analysis, we found that elevated lipids levels in seminal plasma might have adverse effect on semen quality. However, it was known that age and reproductive hormones also might have some effects on semen quality. Therefore, we further investigated the correlations of semen parameters with age and serum reproductive hormones, and the correlations of seminal plasma lipids with semen parameters after adjusting age and reproductive hormones. We found that there was no correlation between age, serum TT and E2 levels and semen parameters, but serum LH and FSH levels were negatively related to sperm concentration, total sperm count, sperm motility, PR, normal sperm morphology or TNPMS, which was similar to our previous results [10] . After adjusting age and serum LH, FSH, TT, E2 and SHBG levels, we still found that semen volume was significantly correlated with seminal plasma LDL (P = 0.012), both of sperm concentration and total sperm count with seminal plasma HDL (P = 0.028 and 0.002), and both of PR and sperm motility with seminal plasma TC (P = 0.012 and 0.051), demonstrating that elevated lipids levels in seminal plasma might have adverse effect on semen quality.
However, we recognized that our results were inconsistent with some reports. For example, it was reported that elevated serum TG and LDL levels were associated with poor sperm quality or decreased sperm motility [31] [32] , and that there was no significant difference in seminal plasma TC levels between fertile and infertile men [33] . It was also suggested that obesity leads to the change of semen quality by the most possible way to affect reproductive hormones [34] [35] . The reasons leading to these discrepancies may be attributed to the different study population, the size of samples, and the inaccuracy of the determination results. Our study was based on prospective design, and the results were blindly evaluated. In our study, a relative large size of samples was included, and the stringent exclusion criteria were employed. The analyses for all of semen parameters, serum reproductive hormones, and serum and seminal plasma lipids were performed with strict quality control. In order to avoid potential influence of particles in semen, such as sperm, lecithin body on the level, and the determination method of lipids in seminal plasma, seminal plasma was isolated from semen samples by centrifugation at 12 000 ×g for 5 minutes. The results of preliminary experiments for such seminal plasma samples showed good repeatability (CV< 5%). In previous studies [36] [37] [38] , we have shown that there were still many spermatozoa in some seminal plasma samples obtained at 3 000 ×g centrifugation for 15 minutes. So, the inconsistency for some previously reported results may be due to the sperm residue in seminal plasma. Moreover, four common-used lipids markers in seminal plasma were comprehensively compared with obesity-associated markers, serum lipids levels and semen parameters, and the possible effects of age and reproductive hormones on the relationship between seminal plasma lipids and semen parameters were adjusted. All these efforts provided a guarantee for drawing meaningful conclusions.
Inevitably, our study had some limitations. Because of the variety of causes leading to male infertility and the differences in races of people, dietary and living environment, our study results might be unsuitable for the western countries. However, according to our results that obesity leaded to increased serum lipids levels, and then increased seminal plasma lipids levels, we deemed that obesity may affect semen quality mainly by abnormal metabolism of lipids in male reproductive system. It is possible that the abnormal lipids levels in male reproductive system are the direct reason leading to decreased semen quality.
Conclusions
Obesity may suggest abnormal lipids level in serum. However, among four serum lipids markers, only TG level was slightly related to seminal plasma TG level. Serum lipids almost had no correlation with semen parameters, while lipids levels in seminal plasma could influence on semen volume, sperm motility, PR, sperm concentration and total sperm count to a certain extent. The data presented in this study indicated that obesity may affect semen quality mainly by abnormal metabolism of lipids in male reproductive system. It is possible that the increased lipids levels in seminal plasma but not serum are the direct reason leading to decreased semen quality. However, questions about the origin of seminal plasma lipids, the mechanism of lipids affecting sperm quality, and the factors leading to the metabolic disorder of the lipids remain.
